UV-Vis spectrophotometric titration, 7 conductivity, 8 thermodynamics, 9 nuclear magnetic resonance spectroscopy, 10 dissolution-rate method, 11 ionophoretic techniques 12 and isotachophoresis (ITP), 13, 14 are not present. It is unnecessary to prepare a carbonate-free buffer and to know the concentration of the solutes. Because of its high sensitivity, CE can be applied to poorly soluble solutes. Background electrolytes at low and high pH can be used easily and there is no need for a terminator.
The mobility of a species is a very important factor for determining its electrophoretic behavior. It is influenced by various factors, such as its valence, size and shape, pH value and ionic strength of the buffer, and has been studied by some authors. 15, 16 In our past work, 17 a relation between the migration time of organic acids and the molecular weights in CZE were developed and used to predict the migration order of organic weak acids and the electroosmotic flow mobility in CZE. The main aim of this paper was to determine the dissociation constants of five neutral compounds and to investigate the validity of the developed formula to neutral compounds of low molecular weight.
Theory
In CZE, when the applied voltage (V), the total length (Lt), the effective length (Le) and the migration time (tm) of a component are known, the apparent mobility (µapp) can be calculated by
and
where E = V/Lt, µeff is the effective mobility and µeo the mobility of the EOF. For a monoacid, the thermodynamic equilibrium constant is defined as
where a and γA -are the activity and the activity coefficient of the species, respectively. The activity coefficient (γA -) can be calculated by
where z is the valency of the component, I is the ionic strength
of the solution, as determined by the background electrolyte, and a is the effective hydrated diameter of the ion in Å, a value of 5 Å was assumed in this study. The effective mobility (µeff) can be obtained from
where µA -is the ionic mobility of A -and α is the equilibrium fraction of A -, and is defined as
From Eqs. (5) and (6), it follows that µeff = .
Equation (7) is the fundamental relation to determinate the dissociation constants of the solutes by CE. The most commonly quoted expression for the electrophoretic mobility is the Hückel equation, 19, 20 
where Z is the charge on the molecule, e the charge of an electron, η the viscosity of the solution, and rs the Stokes' radius (rs = [V/(4/3π)] 1/3 by treating the molecule as a sphere). A number of expressions have been developed for the electrophoretic mobility that depend on the molecular volume to a power other than the -1/3 suggested by the Hückel equation; the mobility might be a function of the surface area of the molecule. 17, 21 The molecular surface area was approximated by M x (M molecular mass) to yield the expression
where q is the effective charge and M the molecular mass; A is an empirical constant. The exponent x is dependent on the shape of the molecule, which can change from 1/3 to 2/3.
22
Naively, hydration is expected to alter the size and shape of an ion, particularly small ions. If the effect of hydration is incorporated to Eq. (9), the following expression is obtained:
where H1 and H2 are the mean number of hydrated water of Aand HA, respectively, which are calculated manually using
McGowan's increments. 23 In this procedure, the amount of hydrated water associated with specific functional groups and molecular fragments are summed to give the total hydrated water for a molecule.
In general, the effective charge of the particle can be expressed as
By combining Eqs. (1), (2), (10) and (11), one obtain
where we can substitute [M + αH1 + (1 -α)H2] in Eq. (12) by M′ for simplicity. From Eq. (12), it can be seen that the reciprocal of the migration time is approximately proportional to α/M′ x . The exponent, x, is related to the shape of the analyte molecule.
Experimental

Reagents
Gastrodin was provided by the Drug and Biological Products Examination Center (Beijing, China).
Vanillin and phydroxybenzyl aldehyde were from Xudong Chemical Factory (Beijing, China). Vanillyl alcohol and p-hydroxybenzyl alcohol were synthesized by reduction from vanillin and phydroxybenzyl aldehyde. Phosphate and borate (analytical grade) were purchased from Tianjin Chemical Factory (Tianjin, China). All other reagents used in the experiment were of analytical grade and water was doubly distilled.
Apparatus
The experiment was performed on a Waters Quanta 4000E capillary electrophoresis system (Milford, MA, USA) with a built-in 0 -30 kV high-voltage power supply, a fixed-wavelength UV detector near the cathodic end and a forced-air cooling system. An uncoated fused capillary (75 µm i.d., total length of 60 cm and an effective length of 52 cm) was from Yong Nian Optical Fiber Factory, Hebei Province, China. The UV detector wavelength was set at 254 nm. A pH-3C acid meter was from Leici Factory (Shanghai, China). Data processing was carried out with a Waters Millennium 2010 chromatography system.
Procedures
Gastrodin, vanillin, p-hydroxybenzyl aldehyde, vanillyl alcohol and p-hydroxybenzyl alcohol were dissolved in water with concentrations 0.680 mg/ml, 0.772 mg/ml, 0.736 mg/ml, 0.526 mg/ml and 0.115 mg/ml, respectively. Buffers (10 
Results and Discussion
Determination of the dissociation constants of five compounds
According to Eq. (6), two-parameter non-linear regression was used to determine the dissociation constants from the measured mobility data listed in Table 1 . To avoid interactions of the analytes, the mobility data for each component listed in Table 1 were determined separately. Figure 1 shows the results of the two-parameter non-linear regression for vanillin, phydroxybenzyl aldehyde; Figure 2 is for gastrodin, vanillyl alcohol and p-hydroxybenzyl alcohol. The calculated pK values are listed in Table 2 . It can be seen that a good agreement between the values determined by this CE method and the literature values for vanillin, p-hydroxybenzyl aldehyde and phydroxybenzyl alcohol was obtained. For gastrodin and vanillyl alcohol, on the other hand, the pK values were reported for the first time.
Determination of the exponent, x
The exponent, x, in Eq. (12) was determined by investigating the linear coherent coefficient between the reciprocal of the migration times of the five interested compounds and α/M′
x (x was a value in the range from 1/3 to 2/3) at different pH values. From Fig. 3 , it can be seen that the linear coherent coefficients at different pH values at first increase, and then decrease with an increase in the exponent, x. When x is 0.38, the linear coherent coefficients are all above 0.998 and 0.38 is the best-fit value of Eq. (12) .
Prediction of the migration order
Based on the assumptions that the shapes of interesting molecules are spherical and that A in Eq. (12) is a constant for molecules of similar structure in the same run, the migration order can be determined by the value of α/M′ 0.38 . Because the electroosmotic flow was from the anode to the cathode, the greater was α/M′ 0.38 , the lower did the component migrate. The values of α/M′ 0.38 for the five compounds can be calculated from the determined pK values and their molecular weights. It can be seen from Table 3 (pH = 9.40) that the migration order of the five compounds should be vanillyl alcohol, p-hydroxybenzyl alcohol, gastrodin, vanillin and p-hydroxybenzy aldehyde; this is indeed the case except for gastrodin (see Fig. 4 ). One reason may be that because the molecular structure of gastrodin is very complex, the shape of the molecule is not spherical under an electro-field, and would not obey the same migration equation as that of other compounds. Second, for the glucose group in gastrodin which can form a complex compound with borate in the buffer, the behavior of the compound will be greatly changed.
Calculation of teo
From Eq. (12), it is indicated that the reciprocal of the 411 ANALYTICAL SCIENCES APRIL 2002, VOL. 18 Table 4 lists the calculated teos from the intercepts of different pH values and the teos determined by using a neutral compound as a marker (dimethyl sulfoxide was used in our experiment). It can be seen that the teos values obtained by both methods are in good consistence at low pH values (such as lower than 9.07). When the pH value was higher, the deviation of the calculated teos to the determined teos became slightly larger. From the experiment, although the ionic strengths of different pH buffer solutions were nearly the same, the electric flow under a higher pH value (especially when the pH value was above 9.73) was still about 10 -15 µA higher than that under a lower pH value. It is known that a higher current will result in Jole heat, and thus change the temperature and viscosity in the column. The mobility and α are easily affected by the temperature and viscosity which, in turn may produce a larger RE value. The experiment error, on the other hand, is also a reason for the larger RE value.
From the above discussions, it has been shown that determining the pKa values of compounds by CE is a simple and precise method. It also shows that Eq. (12) can be used to describe the migration behavior of neutral molecules of low molecular weight.
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